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Dam Safety Overview and the Federal Role

Dams provide various services, including flood control, hydroelectric power, recreation,
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navigation, and water supply, but they require maintenance, and sometimes rehabilitation and Anna E. Normand
repair, to ensure public and economic safety. Dam failure or incidents can endanger lives and Analyst in Natural
property, as well as result in loss of services provided by the dam. Federal government agencies Resources Policy

reported owning 3% of the more than 90,000 dams listed in the National Inventory of Dams
(NID), including some of the largest dams in the United States. The majority of NID-listed dams
are owned by private entities, nonfederal governments, and public utilities. Although states have
regulatory authority for over 69% of NID-listed dams, the federal government plays a key role in
dam safety policies for both federal and nonfederal dams.

Congress has expressed interest in dam safety over several decades, often prompted by critical events such as the 2017 near
failure of Oroville Dam’s spillway in California. Dam failures in the 1970s that resulted in the loss of life and billions of
dollars of property damage spurred Congress and the executive branch to establish the NID, the National Dam Safety
Program (NDSP), and other federal activities. These programs and activities have increased safety inspections, emergency
planning, rehabilitation, and repair. Since the late 1990s, some federal agency dam safety programs have shifted from a
standards-based approach to a risk-management approach. A risk-management approach seeks to mitigate failure of dams
and related structures through inspection programs, risk reduction measures, and rehabilitation and repair, and it prioritizes
structures whose failure would pose the greatest threat to life and property.

Responsibility for dam safety is distributed among federal agencies, nonfederal agencies, and private dam owners. The
Federal Emergency Management Agency’s (FEMA’s) NDSP facilitates collaboration among these stakeholders. The
National Dam Safety Program Act, as amended (Section 215 of the Water Resources Development Act of 1996; P.L. 104-
303; 33 U.S.C. §88467f et seq.), authorizes the NDSP at $13.4 million annually. In FY2019, Congress appropriated $9.2
million for the program, which provided training and $6.8 million in state grants, among other activities.

The federal government is directly responsible for maintaining the safety of federally owned dams. The U.S. Army Corps of
Engineers (USACE) and the Department of the Interior’s Bureau of Reclamation own 42% of federal dams, including many
large dams. The remaining federal dams are owned by the Forest Service, Bureau of Land Management, Fish and Wildlife
Service, Department of Defense, Bureau of Indian Affairs, Tennessee Valley Authority, Department of Energy, and
International Boundary and Water Commission. Congress has provided various authorities for these agencies to conduct dam
safety activities, rehabilitation, and repair.

Congress also has enacted legislation authorizing the federal government to regulate or rehabilitate and repair certain
nonfederal dams. A number of federal agencies regulate dams associated with hydropower projects, mining activities, and
nuclear facilities and materials. Selected nonfederal dams may be eligible for rehabilitation and repair assistance from the
Natural Resources Conservation Service, USACE, and FEMA.. For example, in 2016, the Water Infrastructure Improvements
for the Nation Act (WIIN Act; P.L. 114-322) authorized FEMA to administer a high hazard dam rehabilitation grant program
to provide funding assistance for the repair, removal, or rehabilitation of certain nonfederal dams.

Congress may consider how to address the structural integrity of dam infrastructure and mitigate the risk of dam safety
incidents, either within a broader infrastructure investment effort or as an exclusive area of interest. Congress may reexamine
the federal role for dam safety, while considering that most of the nation’s dams are nonfederal. Congress may reevaluate the
level and allocation of appropriations to federal dam safety programs, rehabilitation and repair for federal dams, and financial
assistance for nonfederal dam safety programs and dams. In addition, Congress may maintain or amend policies for
disclosure of dam safety information when considering the federal role in both providing dam safety risk and response
information to the public while also maintaining security of these structures.
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Introduction

Dams may provide flood control, hydroelectric power, recreation, navigation, and water supply.
Dams also entail financial costs for construction, operation and maintenance (O&M),
rehabilitation (i.e., bringing a dam up to current safety standards), and repair, and they often result
in environmental change (e.g., alteration of riverine habitat).’ Federal government agencies
reported owning 3% of the more than 90,000 dams in the National Inventory of Dams (NID),
including some of the country’s largest dams (e.g., the Bureau of Reclamation’s Hoover Dam in
Nevada is 730 feet tall with storage capacity of over 30 million acre-feet of water).? Most dams in
the United States are owned by private entities, state or local governments, or public utilities.

Dams may pose a potential safety threat to populations living downstream of dams and
populations surrounding associated reservoirs. As dams age, they can deteriorate, which also may
pose a potential safety threat. The risks of dam deterioration may be amplified by lack of
maintenance, misoperation, development in surrounding areas, natural hazards (e.g., weather and
seismic activity), and security threats. Structural failure of dams may threaten public safety, local
and regional economies, and the environment, as well as cause the loss of services provided by a
dam.

In recent years, several dam safety incidents have highlighted the public safety risks posed by the
failure of dams and related facilities. From 2015 to 2018, over 100 dams breached in North
Carolina and South Carolina due to record flooding.? In 2017, the near failure of Oroville Dam’s
spillway in California resulted in a precautionary evacuation of approximately 200,000 people
and more than $1.1 billion in emergency response and repair.* In 2018, California began to
expedite inspections of dams and associated spillway structures.®

! Association of State Dam Safety Officials (ASDSO), Living With Dams: Know Your Risks, 2012, at
https://damsafety.org/sites/default/files/ ASDSO-LivingWithDams-Know%20Y our%20Risk-NO%201_ASDSO-
WEB.pdf.

2 Federal agencies self-report dam ownership to the National Inventory of Dams (NID). For the 2018 NID, federal
agencies reported owning 2,714 dams with some dams owned by multiple federal agencies. One acre-foot of water is
the amount of water that will cover an acre of land to a depth of one foot, or approximately 326,000 gallons.

3 Federal Emergency Management Agency (FEMA), The National Dam Safety Program: Biennial Report to the United
States Congress, Fiscal Years 2016-2017, May 2019, at https://www.fema.gov/media-library/assets/documents/16240.
Hereinafter FEMA, National Dam Safety Program, 2016-2017.

4 Cost estimates are based on actual and projected work and may be adjusted as work continues through completion of
the project. The estimated cost for emergency response, which ended in May 2017, was $160 million. The current
estimated cost of the Oroville Spillways Emergency Recovery Project through 2019 is $940 million. Personal
correspondence between CRS and the California Division of Safety of Dams, July 20, 2019.

5 Spillways are structures to release water from a dam, either as subject to regular operations or to mitigate risk of
failure. In February 2017, California Governor Jerry Brown announced a four-point plan “to bolster dam safety and
flood protection” that included expediting inspections of dams that have spillway structures similar to the Oroville Dam
before the next flood season. The California Division of Safety of Dams identified 93 spillways to inspect. In July
2018, California Assembly Bill 1270 was enacted, which codified these inspections. Inspections are ongoing and have
revealed deficiencies at some spillways (e.g., the San Antonio Dam spillway). Personal correspondence between CRS
and the California Division of Safety of Dams, October 16, 2019. Office of Governor Edmund G. Brown Jr., “Governor
Brown Takes Action to Bolster Dam Safety and Repair Transportation and Water Infrastructure,” press release, 2017,
at https://www.ca.gov/archive/gov39/2017/02/24/news19696/index.html. California Department of Water Resources,
“California Department of Water Resources Division of Safety of Dams Updates Information on California Dams,”
press release, 2018, at https://water.ca.gov/News/News-Releases/2018/Sept-18/DSOD-Update-on-California-Dams.
Monica Vaughan, “Dam Spillway Near SLO County Has Significant Cracks, Is ‘Unsafe for Use,” State Says,” The
Tribune, (2019), at https://www.sanluisobispo.com/news/local/article233132051.html.
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Congress has expressed an interest in dam safety over several decades, often prompted by
destructive events. Dam failures in the 1970s resulting in the loss of life and billions of dollars in
property damage prompted Congress and the executive branch to establish the NID, the National
Dam Safety Program (NDSP), and other federal activities related to dam safety.® Following
terrorist attacks on September 11, 2001, the federal government focused on dam security and the
potential for acts of terrorism at major dam sites.” As dams age and the population density near
many dams increases, attention has turned to mitigating dam failure through dam inspection
programs, rehabilitation, and repair, in addition to preventing and preparing for emergencies.?

This report provides an overview of dam safety and associated activities in the United States,
highlighting the federal role in dam safety. The primary federal agencies involved in these
activities include the Federal Emergency Management Agency (FEMA), the U.S. Army Corps of
Engineers (USACE), and the Bureau of Reclamation (Reclamation). The report also discusses
potential issues for Congress, such as the federal role for nonfederal dam safety; federal funding
for dam safety programs, rehabilitation, and repair; and public awareness of dam safety risks. The
report does not discuss in detail emergency response from a dam incident, dam building and
removal policies, or state dam safety programs.

Safety of Dams in the United States

Dam safety generally focuses on preventing dam failure and incidents—episodes that, without
intervention, likely would have resulted in dam failure. Challenges to dam safety include aging
and inadequately constructed dams, frequent or severe floods (for instance, due to climate
change), misoperation of dams, and dam security.® The risks associated with dam misoperation
and failure also may increase as populations and development encroach upstream and
downstream of some dams. Safe operation and proper maintenance of dams and associated
structures is fundamental for dam safety. In addition, routine inspections by dam owners and
regulators determine a dam’s hazard potential (see “Hazard Potential” below), condition (see
“Condition Assessment” below), and possible needs for rehabilitation and repair.**

6 Failure of a private mine tailings dam at Buffalo Creek, WV, in 1972 flooded a 16-mile valley and killed 125 people;
Bureau of Reclamation’s Teton Dam, ID, failed in 1976, killing 11 people and causing $1 billion in property damage;
and the private Kelley Barnes Dam, GA, failed in 1977, killing 39 people and causing $2.8 million in damage. FEMA,
National Dam Safety Program, 2016-2017.

" FEMA, Dam Safety and Security in the United States: A Progress Report on the National Dam Safety Program in
Fiscal Years 2002 and 2003, December 2003, at https://www.fema.gov/media-library/assets/documents/3656.

8 FEMA, National Dam Safety Program, 2016-2017; National Research Council (NRC), Dam and Levee Safety and
Community Resilience: A Vision for Future Practice, 2012, at https://doi.org/10.17226/13393. Hereinafter National
Research Council, Dam and Levee Safety.

9 Michelle Ho et al., “The Future Role of Dams in the United States of America,” Water Resources Research, vol. 53,
no. 2 (2017), at https://doi.org/10.1002/2016WR019905.

10 FEMA, Risk Exposure and Residual Risk Related to Dams, 2017, at https://www.fema.gov/dam-safety-technical-
advisories. Hereinafter FEMA, Risk Exposure.

11 Hazard potential reflects the amount and type of damage that a failure would cause. Condition is an assessment of

any potential dam deficiencies determined from inspections. FEMA, Federal Guidelines for Dam Safety Risk
Management, FEMA P-1025, 2015, at https://www.fema.gov/media-library/assets/documents/101958.
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Dams by the Numbers

The NID, a database of dams in the United States, is maintained by USACE. For the purposes
of inclusion in the NID, a dam is defined as any artificial barrier that has the ability to impound
water, wastewater, or any liquid-borne material, for the purpose of storage or control of water that
(1) is at least 25 feet in height with a storage capacity of more than 15 acre-feet, (2) is greater
than 6 feet in height with a storage capacity of at least 50 acre-feet, or (3) poses a significant
threat to human life or property should it fail (i.e., high or significant hazard dams).!® Thousands
of dams do not meet these criteria; therefore, they are not included in the NID.

National Inventory of Dams

After several dam failures in the early 1970s, Congress authorized the U.S. Army Corps of Engineers (USACE) to
inventory the nation’s dams and tasked it with other dam safety responsibilities in P.L. 92-367. Pursuant to the act,
USACE first published the National Inventory of Dams (NID) in 1975. The NID now includes over 90,000 dams.
States, territories, and federal agencies self-report the information in the database; these entities collaborate
closely with USACE to improve the accuracy and completeness of information, with recent emphasis on reporting
emergency action plans and dam condition. Multiple bills have reauthorized appropriations for the NID; most
recently, the Water Resources Development Act of 2018 (Title | of P.L. | 15-270) extended the NID’s annual
authorization of appropriations of $500,000 through FY2023. From FY2014 to FY2019, Congress has appropriated
$400,000 annually to the NID. The National Inventory of Dams (NID) can be accessed at
https://nid.sec.usace.army.mil.

The most common type of dam is an earthen dam (see Figure 1), which is made from natural soil
or rock or from mining waste materials. Other dams include concrete dams, tailings dams (i.e.,
dams that store mining byproducts), overflow dams (i.e., dams regulating downstream flow), and
dikes (i.e., dams constructed at a low point of a reservoir of water).** This report does not cover
levees, which are manmade structures designed to control water movement along a landscape.

12 Online National Inventory of Dams (NID) data are used throughout this report unless otherwise specified. State and
federal agencies self-report dam information to the NID. The NID was last updated in February 2019 with 2018 data. In
this report, the number of dams owned by federal agencies are based on federal agency reporting to the NID. State
agencies also reported additional dams owned by the federal government, though CRS could not confirm ownership of
these dams. The NID can be accessed at https://nid.sec.usace.army.mil. Hereinafter 2018 NID.

1333 U.S.C. 8467.

14 The United States Society on Dams, “Types of Dams,” at https://www.ussdams.org/dam-levee-education/overview/
types-of-dams/.
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Figure 1. Model of an Earthen Dam
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Source: FEMA, Pocket Safety Guide for Dams and Impoundments, 2016, at https://www.fema.gov/media-library/
assets/documents/127281.

Notes: Model schematic for an earthen dam. Earthen dams utilize natural materials, generally with minimum
processing, and can be built with primitive equipment under conditions where any other construction material
would be impracticable. Other dam types (e.g., concrete dams, tailings dams that store byproducts of mining
operations) may have alternative design and structural components.

The nation’s dams were constructed for various purposes: recreation, flood control, ecological
(e.g., fisheries management), irrigation and water supply, hydroelectric, mining, navigation, and
others (see Figure 2). Dams may serve multiple purposes. Dams were built to engineering and
construction standards and regulations corresponding to the time of their construction. Over half
of the dams with age reported in the NID were built over fifty years ago.'® Some dams, including
older dams, may not meet current dam safety standards, which have evolved as scientific data and
engineering have improved over time.

15 15,426 dams in the NID had no age of construction reported.

16 American Society of Civil Engineers, Infrastructure Report Card: Dams, 2017, at
https://www.infrastructurereportcard.org/dams/, hereinafter ASCE, Infrastructure Report Card.
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Figure 2. National Dam Statistics
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Source: Congressional Research Service (CRS) with 2018 National Inventory of Dams (NID) data available at
https://nid.sec.usace.army.mil.

Notes: Some dams have multiple purposes. The “other” category may include dams used for fire protection,
small farm ponds, debris control, and grade stabilization. A total of 15,426 dams in the NID had no age of
construction reported.

Dam Failures and Incidents

Dam failures and incidents—episodes that, without intervention, likely would have resulted in
dam failure—may occur for various reasons. Potential causes include floods that may exceed
design capacity; faulty design or construction; misoperation or inadequate operation plans;
overtopping, with water spilling over the top of the dam; foundation defects, including settlement
and slope instability; cracking caused by movements, including seismic activity; inadequate
maintenance and upkeep; and piping, when seepage through a dam forms holes in the dam (see

Figure 3).'’

17 National Research Council, Dam and Levee Safety.
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Figure 3. Selected Potential Failure Modes of Dams
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Source: FEMA, Pocket Safety Guide for Dams and Impoundments, 2016, at https://www.fema.gov/media-library/
assets/documents/127281.

Notes: The figure is of an earthen dam; other dams may have different potential modes of failure. Some
potential failure modes are not illustrated, such as spillway damage and sinkholes.

Engineers and organizations have documented dam failure in an ad hoc manner for decades.®
Some report over 1,600 dam failures resulting in approximately 3,500 casualties in the United
States since the middle of the 19" century, although these numbers are difficult to confirm.*®
Many failures are of spillways and small dams, which may result in limited flooding and
downstream impact compared to large dam failures. Flooding that occurs when a dam is breached
may not result in life safety consequences or significant property damage.? Still, some dam
failures have resulted in notable disasters in the United States.?

Between 2000 and 2019, states reported 294 failures and 537 nonfailure dam safety incidents.??
Recent events—including the evacuation of approximately 200,000 people in California in 2017
due to structural deficiencies of the spillway at Oroville Dam—have led to increased attention on

18 personal correspondence between CRS and ASDSO, June 13, 2019. National Research Council, Dam and Levee
Safety.

19 National Research Council, Dam and Levee Safety; personal correspondence between CRS and ASDSO, June 13,
2019. Although these sources provide information on dam failures and casualties, this information is self-reported.

20 National Research Council, Dam and Levee Safety. On July 26, 2011, the U.S. Geological Survey, on behalf of
FEMA, awarded the University of Maryland a grant to evaluate the National Dam Safety Program (NDSP) with respect
to program “cost, effectiveness, and potential for improvement.” Gregory B. Baecher et al., Review and Evaluation of
the National Dam Safety Program, University of Maryland, 2011, at https://www.fema.gov/media-library-data/
20130726-1830-25045-3217/damsafetyreport.pdf. Hereinafter Baecher et al., Review and Evaluation, University of
Maryland.

21 Baecher et al., Review and Evaluation, University of Maryland; Stanford University, Dam Failures in the U.S., 2018,
at http://npdp.stanford.edu/sites/default/files/reports/npdp_dam_failure_summary_compilation_v1_2018.pdf.

22 A nonfailure incident is an incident at a dam that will not, by itself, lead to a failure, but that requires investigation
and notification of internal and/or external personnel. The failure and nonfailure incident estimate may be uncertain.
Because reporting is voluntary, few private or local dams are included. Nonfailure events may also represent a
drowning or injury not directly arising from a dam with structural deficiencies. Personal correspondence between CRS
and ASDSO, June 13, 2019.
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the condition of dams and the federal role in dam safety.?® From 2015 to 2018, extreme storms
(including Hurricane Matthew) and subsequent flooding resulted in over 100 dam breaches in
North Carolina and South Carolina.?* Floods resulting from hurricanes in 2017 also filled
reservoirs of dams to record levels in some regions: for example, USACE’s Addicks and Barker
Dams in the Houston, TX, area; the Puerto Rico Electric Power Authority’s Guajataca Dam in
Puerto Rico; and USACE’s Herbert Hoover Dike in Florida.?® The March 2006 failure of the
private Kaloko Dam in Hawaii killed seven people, and the 2003 failure of the Upper Peninsula
Power Company’s Silver Lake Dam in Michigan caused more than $100 million in damage.?

Oroville Dam, CA

In 2017, failure of key components of the Oroville Dam, part of a state-owned hydropower project in California licensed by the
Federal Energy Regulatory Commission (FERC), highlighted the risks sometimes associated with hydropower dams and raised
questions about FERC’s oversight of dam safety. Following higher-than-forecasted inflows from near-record precipitation,
snowpack, and subsequent runoff, Oroville Dam operators opened the dam’s main service spillway gates, which resulted in the
spillway crumbling on one side. In addition, overtopping of the ungated auxiliary spillway (also referred to as the emergency
spillway) initiated erosion of the bedrock that supports the spillway. These deficiencies prompted concerns about possible dam
failure, and local emergency management officials issued an evacuation order for nearly 200,000 residents downstream of the
dam. Dam operators increased water releases from the damaged main service spillway until dam water levels were safe enough
to begin repairs on the spillway structures. Spillway repairs and emergency response cost an estimated $1.| billion. At the time
of the incident, FERC was reviewing the Oroville Dam project’s relicensing application. In January 2018, an independent forensic
team and an after-action panel raised questions about the thoroughness of the state’s and FERC’s oversight of the project,
among other factors that may have contributed to the incident (see section on “Regulation of Hydropower Dams”). The incident
also prompted a wave of new state executive and legislative actions requiring inspections of 93 spillways; emergency action plans
and inundation maps for all dams posing a significant threat to human life or property; and public data release of hazard
classifications, condition assessments, and inundation maps.

o Main Dam

N, > oo
-.).Gated Service Spi|lwayHeadworks

e

Sources: Independent Forensic Team Report, Oroville Dam Spillway Incident, 2018, at https://damsafety.org/
sites/default/files/files/Independent%20Forensic%20Team%20Report%20Final%200 | -05- 18.pdf; personal
correspondence between CRS and the California Division of Safety of Dams on June 4, 2019.

Notes: Overview of Oroville Dam facility prior to February 2017.

2 FEMA, National Dam Safety Program, 2016-2017.
2 FEMA, National Dam Safety Program, 2016-2017.
%5 FEMA, National Dam Safety Program, 2016-2017.

%6 Kristina Costa and Donna Cooper, Center for American Progress, “The 10 States Most Threatened by High-Hazard,
Deficient Dams,” 2012, at https://www.americanprogress.org/issues/economy/news/2012/09/20/38679/the-10-states-
most-threatened-by-high-hazard-deficient-dams/.
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Hazard Potential

Federal guidelines set out a hazard potential rating to quantify the potential harm associated with
a dam’s failure or misoperation.?’” As described in Table 1, the three hazard ratings (low,
significant, and high) do not indicate the likelihood of failure; instead, the ratings reflect the
amount and type of damage that a failure would cause. Figure 4 depicts the number of dams
listed in the NID classified as high hazard in each state; 65% of dams in the NID are classified as
low hazard. From 2000 to 2018, thousands of dams were reclassified increasing the number of
high hazard dams from 9,921 to 15,629.%2 According to FEMA, the primary factor increasing
dams’ hazard potential is hazard creep—development upstream and downstream of a dam,
especially in the dam failure inundation zone (i.e., downstream areas that would be inundated by
water from a possible dam failure).?® Reclassification from low hazard potential to high or
significant hazard potential may trigger more stringent requirements by regulatory agencies, such
as increased spillway capacity, structural improvements, more frequent inspections, and creating
or updating an emergency action plan (EAP).* Some of these requirements may be process and
procedure based, and others may require structural changes for existing facilities.

Table 1. Hazard Potential of Dams in the United States

Number Percent of
Hazard Potential Result of Failure or Misoperation of Dams NID Dams
High Hazard e Loss of at least one life is probable. 15,629 17%
e  Other economic or environmental loss possible but
not necessary for this classification.
Significant Hazard e No probable loss of human life. 11,354 12%
e  Could result in economic loss, environmental
damage, disruption of lifeline facilities, etc.
Low Hazard e No probable loss of human life. 59,679 65%
e  Few economic or environmental losses; losses are
generally limited to the owner.
Undetermined e Hazard potential has not been designated or was not 4,806 5%

provided.

Sources: FEMA, Federal Guidelines for Dam Safety: Hazard Potential Classification System for Dams, 2004, at
https://www.fema.gov/media-library-data/20130726-1516-20490-795 | /fema-333.pdf; and 2018 National Inventory
of Dams (NID) data available at http://nid.usace.army.mil/.

Notes: Low hazard dams are not included in the NID if they are less than 25 feet in height with a storage
capacity of 15 acre-feet or less, or are 6 feet or less in height with a storage capacity of less than 50 acre-feet.

27 FEMA, Federal Guidelines for Dam Safety: Hazard Potential Classification System for Dams, 2004, at
https://www.fema.gov/media-library-data/20130726-1516-20490-7951/fema-333.pdf.

2 FEMA, National Dam Safety Program, 2016-2017.
2 FEMA, National Dam Safety Program, 2016-2017; FEMA, Risk Exposure.

30 ASCE, Infrastructure Report Card; U.S. Congress, House Committee on Transportation and Infrastructure,
Subcommittee on Economic Development, Public Buildings, and Emergency Management, Proposed Amendments to
and Reauthorization of the National Dam Program Act, 109™ Cong., 2™ sess., July 26, 2006.

Congressional Research Service 8



Dam Safety Overview and the Federal Role

Figure 4. High Hazard Dams in States and Territories
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Source: CRS using 2018 National Inventory of Dams (NID) data available at http://nid.usace.army.mil/.
Notes: Guam has one high hazard dam.

Condition Assessment

The NID includes condition assessments—assessments of relative dam deficiencies determined
from inspections—as reported by federal and state agencies (see Table 2).5! Of the 15,629 high
hazard potential dams in the 2018 NID, 63% had satisfactory or fair condition assessment, 15%
had a poor or unsatisfactory condition assessment, and 22% were not rated. For dams rated as
poor and unsatisfactory, federal agencies and state regulatory agencies may take actions to reduce
risk, such as reservoir drawdowns, and may convey updated risk and response procedures to
stakeholders.*

31 FEMA, The National Dam Safety Program: Biennial Report to the United St